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This roport summarizes an interim
recource ang gquidnline cocument in-
tended to &id USEPA rcgicnal offices
in timplamenting the PCE ilegulations

{40 CFR 781} withrenard tothe use of
-none-thormal methods for tha destruc-
tior/dispossl ot PCHs.

The interim reoert describas and
svaluatos various alierneiive chemical,
physicoi, end bintogical PCO rermovsl

v snd/o: dostiuction tachrologios, in-
. cluding carbon adsorption, cetelytic
“s. ¥ dehydrochiorination, chlorinolysis,
T, sodium bassd dechiorinztion, photo-
iytic and mricrewave pincmn dastrue-
tion, catilyzed wot-uir oxidavon, and
activated studgo, trici:ling filter, and

o gpociel bacterist mothnds., )

Altarnctive dustruction/disposal
technologivg were aviluated using
tochnical, rgoulvtory, environmenta!
impac?, cconoinic, and crinrily require-
ments critiric. Bocsusga the tecchnoi-
opies Irvastiastad arm ut vatious stages
of duvilopineatjoniy the rodiinn besed
dachinnnaiionprocessos nre ncw com-
merciatiy ovailabla), cetas duliciancios
oxistl, bnd suod anginecting judymens

. © awps uweedi to suplemyunt availatle
: ' quantiteiive infarmation.

Otthatachanlugics svaligted, many’

show tho potentic! tor gragter than 90
aarcont PCR dactoaction vith mini-
mum enviransnial innacts and iow
te maodoratn econemit coris Yhewe
techaol>iive are cotoivic Jdahyrso-

~
~
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chlorination, sodiu'n bzced dechiorine-
tion, microwave plaginn, and pircto-
lytic processes. ’
" This Project Svrmmary wais tféval-
eped by EPA’s lndustriz! Epviran.men-
tal Resaarch Luiiorstory, Fosancch
Triangle Patk, NC, to &nncuncy ey
findings or the rs-ereh projece that is
fully documentsd in 2 soparat? reiart
of tho same titla {sce Projezi Eouert
ordoring inforisistion ot back).

introduction
Polychiorinaied Yipheryls {PCllc) are

darivatives of tha compnund binhernylin
which 1 to 10 hydrogen stems hove
beenrepiacedvath chicrine stamrs. PCBs v
hzve oxiromely hianvhemics! and ther-
mal stability, moking thum guils useful
i mariy commarcial spplications {a.9.,
a8y distectric fluids in capaciters end
lransfgrmers; in hac! trans’ie: and nv-
drawdic systems, pigments, plasticizars.
carbdntose copyirg paper. snd si+2iro-
Jnagnats, and as comzenents of cutiing
vils). R

N Thairwede uso endihs lacl of recoyni-
tion of their hazards have 1od to thair
widy digtribution e the eavironinent
(Fullar, et ai, 1975). Althougn FTBs
have fairly low acule loxicitics, 3Gme !
adveres ofi~cts have bLoen found in
bumans, !aburiiory aRimals, ans sther
orcamisrns. Thare isscmaevidincazhat -
PCas bioacuumulote snd muy hg €8° -
cinoganic {Fuliai rt al, 1875)
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Concrrn ovar the PCB contamination
problem led te a provision in the Toxic
Substancas Control Act (TSCA) that will
require the eventuel elimination of the
use of PCBs in the U.S. The PCB Regu-
lations, promulgated under TSCA (40
TR 7061) do not require remaval of
PCBs and PCBitems from service carliar
than wouid otherwise be required; but
whon PCEs and PCB itéms are removed
frem service, disposal must be in ac-
cordance with the PC3 Regulations.
Other acts which govern the disposal of
PCBs include: the Resource Conserva-
tion and Recovery Act, the Clean Water
Act, the Clean Air Act, the Occupational
Healih and Satfety Act, and the Marine
Protection, Research, and Sanctuaries
Act.

Because there is a large amount of
" ZBinexistence that wilt need disposal,

1@ Electric Power Research institute
arojected a shortfalt of utility waste PCB
disposai capacity (landfill and inciner-
-ator) in most EPA regions after January
1, 1980 (EPRI, 1979). In additicn, there
will be a smaller quantity of waste PCBs
from commercial and industrial uses
which will require disposal.

The PC8 Rogulations provide for four
general dispcsel methods: :

® Annex!incinerators for PCBs and
PCB items having greater than
8§00 pom PCb content.

e High eftficiency boilers for PCB-
contaminatad tiauids having PCB
contents 5 npm of greater but not
greater then 500 ppm.

@ Annex ll charical waste landfills
for PCB-contominated licuids
{equal 10 or greater than 50 ppm
but not greater than 500 ppm);
necn-tiquia PCBs in the form of
contam'nated soils, rags, or other
debris; and sll dredgeg materials
and municipal scwage studges
that contain PCBs.

® Other approved method for PCBs

-and PCBD items that are subject to
incineraiion. thi

Thefullieportis aninterim guidelines
document applying soleiy to tha dis-
posal/destrucuon of PC3s by methods
other than incincration in Arnex |
mcinesators or high efficiency borlors,
Aunnex H chemical waste landhils or as
municipsl £2%d waste.

Evaluation Criteriafor . -
Noi-Thermal PCB Destruction
Processaes ’

Sincethe EPA considers non-thermal
PC8 destruction ptocessas as alternative
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methods to ingcineration, the Lasts far
evaluation of an alternative (non-

“tharmal) system is its performance

relative to a thermal system. As stated
in the PCB Regulations, 40 CFR
761 10(c). an allernative system must
be demenstrated 1o “achieve a level of
performance equivaient to Annex |}
mewncrators ot high efliciency boilers
Before approving any non-thermal de-
struction process. the Regional Admin-
isttator must be able to determine that
the alternauve system provides “"PC8
destruction equivalent to” the appropri-
ate thermal method and “*will not pre-
sent an unreasonable risk of iojury to
health or the environment.” .

Chapter 2 of the full report describes
the development of an evaluation meth-
odonlogy which is not process specific. it
involved 1a¥ - characteristics ol any
given non-tharmal process and compar-
ing them ‘'with criteria related to the
requlatory, technical, environmental,
economic, and energy perfcrmance

.characteristics of therimal processes

Techmical factors which should be
included in an evaluation of a non-
thermal process are: destruction effi-
ciency, 1tange of PCB concentrations in
tho waste, ability of the process to

. handle wastes of varying PCB coniant,

physical form of PCBs the procuss can
handie. restrictions on non-PCB waste
constituents, special process require-
ments, state of the technology, overali
facility design and opuration, and re-
source reclamatior. Environmentaul
factors which should be ircluded in the
overal! evaluation are. environmaenta!
impacts of the disposal operation itsell,
environmental impacis .cf dispnsal of
process wastes, potential impact of
accidents and franspoitation of FCBs 10
the disposal site, eftluent monitoring
programs, and closure and post-closure
plans. Economic factors considered in
the cvarall evaliation are: capial costs
or the cost of faciiity construction or
modification, Gperating costs, disposal
costs, credits for produsts or by-products,
financralrequirernents related to closure
and post-clusure monitoring and main-
tenance, and regulatory costs. Eneigy
factors that should be included in the
avalustion gre: debsts, crudits, and ro-
soufce recovery.

Mos! of the ahove regulatory, techni-
cal. environmental, cconomic, and
ensrgy factors are discussed (99 num-
erous Alternauve disposal metiods 10

© the full report.

Non-Thermal Dastruction
Methods

The non-thermal destruction pro-
cesses described in this report sre
grouped into two broad calegories:
physicochemical methods and biological
methods. Physicochemical meivods ex-
ploit chamical or physical characteristics
of PCB molecules to achieve destruction
or detoxification. Biolagical methods ali
employ mictoorganisms which metabo-
lize PCB molecules to less chlorinated-
PCBs or non-chlorinated compounds.

None of the alternative methods de-
scribed here ot in the full report ara at
commorcial scale, so that only limited
data are available. There are, therefore,

*substantial technical, environmental,
_ 'economic, and energy information gaps.
.- Some of the methods have not been

applied 1o PCB degradation but offer
interesting possibilities. Other methods
have been applied tc PCBs only in dilute
aqueous solution, but are coverad be-
cause of potential adaptability to PCBs
in dilute organic solution (e.g.. minersl
oil dielectric fluid). Comgpariso:i of these

. alternative methods with thermal

methods 1s nucessary, but many of tho
comparisons are necessarily qualizativo.

Destruction elficiencies, for methods
that have been sotesied, are well below
the performance requirements of Anrzcx
lincinerators or high afficiency boilars.
Cusrently, none of the alternative math-
ods meat the destruciion efiiciancy
requiremants of the PCB Regulations.
However, destruction eff:iciency is only
one factor that must be considered in
the approval process.

Tabie 1 presents a comparison of
technical. envircomental, economic,
and energy tactors‘associated with
thermal {Annex | incinerators and high
efficiency toilers} and non-therma!
destruction/disposal methods.

Adsorption Processes

Adsorption processes are useful for
removing chiorinatod hydrccarbons
from en agueous waste stream by
contacting it with activated carbon by
passing it through a vessal filled with a
carbon slurry or granules. Impurities
from the agueous siruam are removed
by adsorption ontothecarbon. Activated
carbon has ar affinity for organics, and
its use for organic contaminant ramoval
from waslewater is common. & -

In 1976, Genaral Clectric's Copacitor
Products Departmentinstallagd s systom
to eliminate the discharge of PCBs to the



Tatile 1.

Comparison of Tharmal s Nes Theranal Oispasal Destructian Methods

Current Status

Potential for of Technolagy PCB Overall Overall
Destruction or Large Scale  us Appliedto  Destructien Runge. Environmental Economic
Conversion Method Apolication PCB Prucessiny  Efficiency  Feedstock ppm impact Impact
Annex lincineration . High ! >89 99% gls >50 4.5 8
High Efficiency Borlers High H >99.99% / <50 4.5 8
Activated Carbon Absorption Diluto
Proccsses High 3 Not applicable 8 amounts 4,510 2.5
Catalytic Dehydrochlori- .
nation Medium 2 e 99+% Lo <50 511 7.8
Chlorinolysis Low 3 Low / Not 45 89,12
. applicable
Gooudyear Process High 3 . 92% H <500 $ 8.9
f.crewave Flasma Medium 2 95% Ly 50-500 a5 7
lzonation Processes Mecicm 3 . Not apphcable.. . a Dilute 511 et 8
; amounts : :
Photolytic Processes Low 2 - 80-95% / <50 511 7
Sodium-Oxygen-Polyethyl- Medium 2 95% / 50-500 ' 17 7.9,12
ene Glycol i and >500
Sunohio Process _ High 3 98+% i £0-500 4 6.9.12
: and >500 :
Citafyzed Wet Air Oxidatien Medium 2 . 99% . als 50-500 3 7
- C and >500 '
Activated Siudge Low 3 - Not spplicable a Dilute 17 7
amounts )
Trickling Filter Low 3 Not applicable E] Dilute 1 7
) amounts
Special Bacterial Methods Low 3 Not applicable 8 Dilute 11 7
. i amounts
1 Methad is currently used commercially.
2 Proven research n.e:hcd only.
3 Limited or no data base. - . .
4 Potential contiuftanle method with minimum enviconmental impact. investigale aliernate treatmeant systems;
5 Potential solid res:icue or wastewater disposal protlem. i.e. UV-Ozonation and catalytic reduc-
6 Low capital investment and mmaderate operating costs. tion. o '
7 Mederate cogital invesiment and opei iling CusIs Application of activated carbon ad-
8 Larye capital investment and operating costs sorption processes is less common to
9 Resource recovery option. non-aqueous streams. A study (U.S. Air
10 Requisos recycling or d:spossl of adsarption medium. Force, 1976) on using activated carbon
11 Poten:al residual toaicity of by-products. lo remove lh_o 2,3,7.8-tetracklorodi-
12 Potenial return on invesiment. benzo-p-dionin (TCDD) contaminant
s Solid from Herbicide Orange concluded that,
a Agueaus though the process was technically and
g Goas - economically feasible, tha technologyto
! Liquid dispose of the TCDD contaminatod

Hudson River from it§ Hudson Falls and
Fort Cdward manufacturing plants. This
adsorption process werkad extremaly
wallfor diluse aquecus streanis contami-

naterd with PCBs {Anisman, 1979), but
was not very cost eifective Hizh cost
and carbon disposal or reguencration
requirements caused EPA ond GE to

charcoal did not exist, Therefors, Herbi-
cide Oranga stocks wera successfully -
incincrated at sea {Ackcrman’ et al,
1978). ' o
From s tachnics! point of view, edsorp-
tion processes for removing organic
compounds from liquid streames are
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atiractive beeause they cffer the possi-
bility of resousue recovery, e.g., removal
of PCEs from mineral oil dielectrec fluive
with possible reuse of the mineral ou.
Hovsever, tc be economical, the PCBs
must he remaved lrom the adsorbent, so
that an adsorplion process apphed to
PCH drsposal nwst be coupied with a
second disposal/destruction pro:ess to
nandte PCEs removed from the absorb-
ent during regeneration of the activated
carbon

Catalytic Dehydrochlorination

Catalytic cehwdrochdorination is based
onthe reaction of polychiorinated hydro-
carbons with hydrogen gas under high
pressure in the presence of a catalyst
LePierre €1 al., 1972). The reasoning
behind this reaction is that partially

echiorinated or nonchiorinatad com-

cunds could Le fess toxic and, there-
.ore, could be biodegraded more easily
than ighly chinrinated compounds. This
frocess has been apphed directly to the
‘doxificationof FCEs. butonly onthelzhoratory
scale. A study at the Worceste® Poly-
technic Institute indicates a complete
conversion of PUBs into dechlorinated
biphanyls {LaPierre st 8l., 1977).

Catalytic dehydrochlonination should
be ab'e 10 handla a wide range »f PCB
contaminated material, if they areinthe
hquia state. Transformers with a PCB
concentration of > 500 ppm, as well as
PCB capacitors and minera! ol dielectric
fluids with PCB contents of 50-500
ppm, should be amenable to treatment
by thus process.

Potential impacts of the disposal

scration, as wcll as the disposal of

‘0cess wastes, s]gpggd be low. Accord-
signed process should no: produca toxic
off-gases or contaminated aqueous
residues.

Lack of economnic data prohibits a cost
assessment of 8 dahydrochlorination
conversion facility. Hyd:ocarbons pro-
duced by this process cou'd ba tised or
sold as fuel oil. This uconomic cradit
could lower the cost of PCB procassing
substantially. Qualitatively, capital in
vestment and cperating costs ap;iear to
be modersie.

Chiorinolysis

Chlorninolysis is an ss1ablished tech-
nology for converting chiorinated hydro-
carbons to catbon tetrachlaride This is
avapcr-phasereacticnin winch chioting
-1S aaded to 1the wasie migtenial under
high pressure and low temperature {or

4

bigh temperature and low pressure) A
catalyst 1S not used in tlus process
(S S.M. 1974} 1! the waste consisis of

- only carbon and chlorine atoms, the

product will be carbon tetracklonde. if
the waste contdins oxygen o hvdrugen,
carbonyl chluride and hydrogen chioride
e alsv produced (S.S M., 1974)

Chiorination as a method of G.spoesing
of hazardous wastes was hrst suygested
in 1974 Farbwarke Hooschst Ag, Frank-
furt ‘Mawn, Germany, Fas devetoped a
process in which hydrocarbons andtheir
chivimnated derivatives are complelely
converted to carbon tetrachilornje and
hydrogen chioride at pressures up to 24
MPa and temperatures up to 893 X
{Krekeler et al., 1975).

Chlorinolysis has not been applied
directly to PCB disposal. but a variation
ol the process may be adapidble Al-
thcugh the Hoeschst chiorinolysis pro-
cess can handle chlorinated benzene
derivatives on a limited scale only, it
may be worthy of evaluation

The (eed must be g liguid. and most
impunities must be remcved before
processing. Chlorinolysis works best on
aliphauic compounds. :

The destruction efficiency for PCBs
should be extremely low th the existing
process since arematic compounds are
not processed efficiently. The process
works poorly for an aromatic content of
greater than 5 percent calculatsd as
benzene.

Potential environmental impacts
when considerning the constructon and
operation of a chlorinolysis plant include
stupmant and handling of the hazardouys
organochlorine wastes prior to chlorin-
olysts, control of the potential gas and
liquid effluents after conversion, and
handhng and storage ol the final prod-
ucts. Emissions from manufacturing,
storage, and transport of poiychlorinated
aromatics (particularly PCBs) are pos-
stble. Accidenta! spiils and laaks of both
solid and liquid wastas are the prunary
sources of envssions, Conventional spill

“and leak prevéntion procedures should

mabk.e the process operationally safe.

Tne Goodyear Process

The Goedyear Tire and Rubber Comn-

pany recently developed a process to
degrade microquantities{e.g.. 120 ppm)
ot PCBs (Goodyear, 1980) This process

“invuolves preponing sodium naphthalide
"and contacting this reagent with the

PCB-contaiming 94Ul The 1eagent ab-
stracts chlonines from the PCB nistecule,
and NaCl and non-halogenated poly-

phenyls are formed. The reaction is
tapid al room temyperalure.

The Gocdyear process appears well
developed on the laboratory scale. The
available inerature source indicates only
thet the Goodyaar prucess is tachnicsily
applicable al this time to handle mixtures
of Aroclors (a Monsanto trademark) at
50-500 ppm concentrations,

Undestroyed PCBs rembin in the
procassed heat trans'er fiuid. This fiuid
cou'd be recycled or reused diractly, so
that there is no real environmental
impact expected from tlus process efflu-
ent. Overall, the potential environmental
impacts of the disposal operation appear
to bo low although a thorough assess-
ment cannot be made without more test
data.

Generally, the Goodyear process ap-
pears to be reiatively iow in cost and
may be adaptable to both smali and
large scale operation. A detailed eco-
nomic evaluation is needed before this
process may be judged economically
justifiable. With large scale application,
product recovery of purified minarat oil
may reduce costs significantly.

Microwave Plasma Methods

Lockheed’s Paio Alto Research Lsbor-
atory (LPARL) has developed a8 process
to destroy PCBs and other hazardous
materials by microwave plasma treat-
ment {Oberacker and Lees, 1977). Re-
search siarted on the bench scale and
has been expanded to a unit which can
successfully destroy PCBs at the rate of
0.45-2.3 kg/hr. A future gosl is to
develop & 40-50 kg/hr version.

A 15 kW microwavc plasma reaction
system capable of destroying 2-11 kg/hr
of orgenic wastes, including PCBs, is
now in operation.’ Laboratory scale
experiments have determined that the
destruction efliciencies of Aroclor 1242
and 1254 are 98 percent using 4.6 and
4.5 kW microwave power, respectivaly.
The prozess should ba able 10 destroy

PCB concentrations of 50-500 ppm

sffectively. Further research is nseded

1o determine the maximum concentra- .

tion of PCB3 that cun be destroyed with
a high destruction efficiency.

Although microwave plasma dastruc-
tion o! PCBs is a controllable method
which yiclds innocuous products, such
as CO; and H;0, putontiolly hazerdous
products such as CO and organochior-
ines will also be produced. -

An environmental assessment of the
microwave plasma disposal operation
must consider the stupment and hand-
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ting of the PCH materini priof to process:
ing. contial of the pulential gas and
liquid efflucnts afler conversion, and
the handling, storage, and disposal of
tinal preducts. Extremely high tampera-
tures and pressures occur throughout
the sysiern. Specis! satety techriques
would have to be used to guard apainst
the accidontal release of hot, corrosive,
or toxic vapors. Tne use ol 8 caustic
scrubber should keep emissions fairly
low. Since the eifivent streams from a
scrubber ére mainty hquid, any particu-
lates emilizd wouid be dissolved in the
liquid eflluunt as suspended particles.
Very littic informaiion exists on the
economics of a3 microwave plasma pro-
cess adapied to PCB destruction. Over-
ail, capital costs for 8 microwava plasma
processing facility may be high since
sseful by-products may not be recover-
able. Eluctrical costs should decrease as
microwave power technology advances.
Future improvements in basic plasma

_design should reduce operating costs.

Currently, it appears that a large-scale
microwave plasma destruction unit will
entail moderate capital investment and
operating costs.

Ultraviolet-Ozonolysis

Uliraviolet {UV)-o0z0n0iysis is a process
that destroys or detoxifies hazardous
chemicais in aqueous solution utilizing
& combination of ozune and UV irradi-
ation. Fairly simpie .equipment is re-
quired onthe Iaboratory scale: areaction
vessel, an ozone generator, a gas dit-
{usar or spargaer, a mixer, and a high

ressure meicury vapor lamp (Wilkinson
t al., 1878). UV-ozonolysis has proved
o be effective in destroying d¢itue
quantities of PCBs in industrial waste
water effluents. Experinmientation has
beenonthe laboratory level only. Scale-
up to pilot 2lant capacity has not been
atlempted.

UV-ozonolysis cf dilute aqueous
streams contaminated at various PCB
levels was periarmed by General Elec-
tric’s Capacitor Products Departmant at
its Hudson Falls and Fort Edward raanu-
facturing plants (Arisman, 1979). De-
struction efficiencies for most expern-
ments were 93 + 3 percent. PCB
cencentrations ranged from 30 to 100
peb in aquenus solution.

Thu possibitiny of the formanion of
reaction products, harmful to aquatic
lite, must be counsiderad. Residual
amounts ot halegenated compounds, as
w2ll as {race metals, inay be contained
in the waste effluents. An assessment

. merm ————— ————e e P

wf thee types of Tl prodacrs that witl e
produced 15 necessary. Any auxihary
disposH operations such as adnorpuion,

“ldiration, or incineration musi also he

analyzed for passible envirtonimental
impact )

Mios capital equipmaent casts will be
the reactor, ozone generator antd power
supply. and the UV irradistion source
and power supply. Major opei aung cests
include electnical energy and labor in
general, UV-ozonolysis shauld be coust
compeitive with tradrional waste water
processing facilities.

Photolytic Methods

Photo!ytic processes are based on the
punciple that UV radiation activated
molecules which may then under-
go chemical reaction. Much research
has been done on the photodecomposi-
tion of vanous classes of pesticides by
using UV radiation (Crosby and Li, 1969;
Plunmer, 1970, 1972, 1978, Rosen,
1971, and Mitchell, 1961} The photode-

-commposttion of PCBs is now being

studied in the laboratory to determine
products formed and the eflects of
solvents onproduct formation and rates
of reaction (Ruzo et al,, 1974). -
Currently, very little is known about
the photochemical properties of 1:e many

" PCBisomers. Afew studies have shown

that the primary reaction at wavelengths
~ 290 nm is stepwise dechilornination.
The aciual dechierination products have
rarely beenidentified(Ruzo et al.; 1374).
In 1974, a study was carried out to
detesinine Lthe reaction products of PCB
phetodecomposition in diflerent sol-
vents (Ruzo et al, 1974} It was con-
ciuded that if photolysis is to occur, the
PCB malecule must absorb light energy
above 290 nm or receive energy from
ancther molecule through an energy
transter process. The product may be a
cemplex mixtur e in which isomerization,
substitution, oxidation, or reduction
processes have occurred. To date, there
have not been any studies of photolysis
ol PCB-contaminated mineral ois or
fyydraulic fluds,

Destruction efficiencies as such have
not beendetermined in these laboratory
studies A 90-35 percent yield of de-
chilotinated PCB in methanol solation
has beendetermined (Ruzoetal., 1974).

tethanol substutution oroducts wore
aso found in these expariments

The photolysis process may be appli-
cabile ovor 3 wide range of PCB concen-
tranons The unpoarctant factor deternimm
g the cuncentration range of tna PCBs

15 115 Seaubility in tha solvent Rasearch
has not becen dore on an asctual FCB-
contaminated mineral oil, so that the
applicability of this process 1o PC8
disposal/destruction has notbeencom-
pletely validated.

The precise chemical nature of the
process wasias needs to be investigated
belore 8sssumplions about process wasts
disposal impacts on the environment
can be made. Certain chloninated com-
pounds may exis? in the waste sireams
that could be harmful to the environ-
ment. Vapor effluents could contain HC!
and photoactive compounds. Agueous
effluents could contain chiorine and
components that did not react with the
UV radiation.

Factors that will affect overall capital
and operating costs for 8 large scale
photolysis processing plant include fand
avaitability and cost, types of chemicals
and reagents required, labor, monitor-
ing. and application costs. Based on the
hmited information availabie, scaled up
operating and capital costs appear 1o be
moderate. Possible economic credits
could accrue if some ol the products are
saleable or rsusable.

Chemical Degradation with
Sodium-Oxygen-Polyethylene
Glycol

Reaction of PCBs with sodium-
oxygen-polyethylene glycols is baseo on
the fact that sodium meta! finely dis-
persedincertain sclventscansarve asa
chemical reactant. The reactivity is
dictated by the mechanism of decompo-
sition of the PCB molecule. Laboratory
experiments have shownthatthareact-
ing solution should be composed of
polyathylene glycol {avg M.W. = 400,

dried over anhydrous Na;SO.) and -
nictallic sodium. PCB oif is added 10 this

soluiion to produce pclyhydroxylated bi-
pheny!s and hydroxy-benzenes (Pytiewski
ct al,, 1980). This technology exists on
the laboratory scale anly.

Laboratory studies have indicsted an
approximate S5 percent conversion of
the PCB oil. Procise destruction effici-
encies have not been determined. The
process appears (o be applicabla over a
wide range o! PCE concentrations,
particularly in the 50-500 ppm ranga.

Large amounts of Hz gas and NaCl will
be evolved in this process. Tho Hp gas
should ba drawn olf and colloctled #s 2
source of energy. NaCl disposal should
notcreate any special disposal probiems.
The recovered H,; gas could be used 3s
an additiona! source of energy (o molt
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tne NaCl. The evolutiun of large amounts
of Mx gas means that 1 use of open
flames, electrical sparking, and elactric
heating clements must be avorded. The
reaction with the sodium metal shouid
be started with heat supphed by steany.

Frarklin Research Center engineers
made 8 preliminary cost evaluation for
the commarcial destruction of PCBs by
this process. They determined decompe-
sition cost of almost 70¢.'kq of PCBs
(Pytlewski et al, 1980). Recovery credits
for 11z gac and the polyhydroxylated
bipheny!s could bring the cost of the
operation low enough to make the
procuss profitable.

The Sunchio Process
Sunohic has developed a process to
break down the PCB molecule into its
* ‘0 primary componeris, biphenyl and
lorine. The chlorines are converted to
lorides, while the biphenyl molecule
«s converted to polymeric solids. The
process s called PCBX, _a Sunohtotrade-
mark. Full scale stationary and mobitle
units are now complete. The unit is
designedto: {1} heat transformer oil and
filter i, removing moisture, acids, and
other contaminants; (2) remove .and
~ destroy PCBs contained in the t1ans-
“{ormer oil but not the oil itself, and (3)
destroy pure PCBs. The equipment,
contzined in a large tractor. trailer, is
salf-contained and either can generate
1Its own power or may be hookeduptoan
external efactric power source. Trans-
former oils can be removed from-fully
charged transformers and, afier treat-
ment, can be returned lo the same

nsformer in minutes. N

The original goal in process develop-

ent was to remove all PCBs lrom the
treated fluids. Experimemal Huids used
for.taboratory studies have contained as
hittle as 100 ppm and as high as 10.000
ppm PCBs. These fluids after treatme..
are claimed (o have contained 0 to 40
ppim .PCBs. respectively. The process
appears to be able to handle a wide
range of PCB vu~entrations and types
ot fluids., '

An environmental impact study has
not been carried out fur the PCBX
process. Each generic ellluent stieam
should be analyzed for composiion and
percent solids. Overall, the potentiat
environmental impact _pf the dispossi
operation appears to be very low, Sun-
ohio clarms that eithier very hitle or no
toxic products will be produced.

Acostanalysisolthe PCEX processis
nol available. It sppears that a maior

[
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capital iwvestment 1 not requaed simee
the systemoas completely portathe s
Clammed that tiansformer o can be
dedottanunated for about $264 5792
per m? The theorencal reagent cost is
abaut 51 10 per kg (Sunclue, 1980}
Cost creilits may be earned by reusing
the decontammated heat transicr ol
instead of discarding it

Catalytic Wet Air Oxidation

Wet an oxidation is based on the
princviple that a solution of any urgansc
matenal can be oxidized by air or uxygen
if enough heat and pressure ate applied.
At temperatures of 433-613 X and

" pressures of 3.1-17.2 MPa. sewaye

sludges will he oxidized 10 alcnhols,
aldchydes, and acids. At hughur iemper-
tures and pressures, the organic mate-
nalcan b2 exidizedto COz and H; {Astro,
1977)

IT Enviroscience (ITE), Inc., recently
develuped a catalyzed wet arr oxidation
process fur the destruction of PCBs. Thus
process s patented and involves the
direct oxidation of PCBs by air or oxygen
in an acidhc agueous medium at high
temperatures. This process can be used
for crgamiz material in agqueous solution,
orgamic hiquid residues, and specific
types ol sludges and soiid 1estdues.
Special aitention was given 1o PCBs in
the development of this process (IT
Envuoscience, 1980). This catalyzed
wel i oxidation process uhifizes o winter
soluble. single-phase catalyst system ft
ditters from other processes in that the
catalyst 15 homogeneous. and. unlike
uncatalyzed wet air oxidation. heat and
pressure requirements are lower. The
catalyst itsell is used to promoie the
necessary oxygen transfer.

Tus technology is new and net com-
pletely researched. ITE recently com-
pleted feasilnity tesiing and process
developm.ent studies for the destruchion
of PCBs Over 50 tests vere made on
PCBs Ly ITE in a 1 liter titanium stirred
reactor to defire process conditions tn
the laboratory. Greater than 830 purcent
of PCBs were repeatedly destroyed by
oxidanion at 523 K for 2 hours. It s
important to note that it is net nccessary
10 achieve 99+ percent dostruction of
the PCBs since unreacied PCRs will
cemnn ap the reactor wond deshioyed.
{This retention of undestroyed PCBs

“redueces throughputy The tuberatory

studies used §-G g of Askarel {KG peicent
PCBs and 44 porcent tncnlorvhenzene)
1o deterimane destiuction ctliciencies.
This process may be aduplable vver a

wide range ol PCB concontrations.
Transformer oils with 7> 500 ppm PCOs
might possibly be- ireated by this precess.
It 1s extremely ditficult to estimnate
environmental imgacts at this time. It
appears that minimal enviionmeontat
dwinsge would be expected from this
i’CB disposal operauon since the PCBs
remain in the reactor until dnstroyed
and since there is no aqueous bottoms

product. €COa. N,, H20 vapor, volatile .

organics, 8nd inorganic solids ieavo the
reactor. The water and condensable
o1ganics are retained in the reactor for
compiete degradation. This step reduces
the volume of toxic organic substances
that could be contained in the etfiuent
streams. The vent gases are low in
volume and could be treated by conven-
tional techniques. Further research is
required to devclop 8 detailed environ-
mental assessment of this process.

Economic data for the ITE method are
not available. Required information in-
ctudes: (1) capital costs, (2) operating
costs, {3) disposal costs, (4) credits for
products or by-products, and (5) regula-
tory costs. A cost analysis and feasibility
study is currently being carried out by
ITE to determine tha economic viability
of this process. Quatitatively, this pro-
cess seems to be economically feasible
if adequate throughput can be altained.
Litile or no added energy is required,
and no auxiliary fuel is consumed,,
Chemical consumption is low, lowering
the cost appreciably.

Biological Methods

Biologicatl disposal methods are all
based on the ability of microorganisms
to degrade toxic organic compounds, such
as PCBs. The major differences betwaen
the vanious methods hie 1n the means of
supporting and contacting the micro-
organisms with the ffuid containing the
species to be degraded, means of provid-
_ng oxygen 10 the jnicroorganisms,-end
10 pre- and post-treatment.

The literature review indicated that
most commercial applications of biolog-
ical processes are {0 aqueous streams
containing selatively small amounts of
organic compounds Laboratory studies
show that pure Aroclor mixtures are
degreded and that degradationrates are
inversely relatcd to increasing chlorine
substitution Studies (U.S. Air Force,
1976} show that microorganisms-could
degrade concentrated Herbicide Orange
components over a pernad of yuars.
Commercial land farming is used to
degrade oil-contaminatud industlial
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aqueous wastes. Howover, PCBs are
mor e refraciory than the major Herbicide
Orange compun:znts and oils. Two bio-
logical processes that may be of some
interest are activated sludge and trick-
iy nlter methods. Both processes ore
currently used for wastewater treat-
ment.

Activated Sludge Treatment

Activated sludge ticaument is class-
fied as an aerobic process because the
mucsobal solution 1s suspended in a
hguid medium containing d:ssolved
oxygen. Complete aerobic treatment
without sedimentation is carried out as
the wastewater is continuously fed irto
an aerated tank where microorganisms
dig+ 5t and flacculata the organic waste.
Y microor~=nisms (activated sludoe)

2 from the aerated hquor in a final
¢ fierandarereturnedtothe aeraticn
tank. The eftluent emerges from the
final settling tank purified.

Tucker, Litschgi, and Mees (1975) did
faboratory tec'ing with a continuous

cnd activated sludge unit. With a feed

rateof 1 mg/48 hrs, theyreported an 81
percent degradation of Aroclor 1221, 33
percent degradation of Aroclor 1016, 26
percent degradation of Aroclor 1242,
and 15 percent degradation of Aroclor
1254. | :

Trickling Filter Methods

Trickling filters consist of crushed
rock, slag, or stone. These materials
provide a surface for biological growth
“ar passages for Lquid and air. The
ary treated waste flows over the
obial surface. The soluble organic
1. ..enal is metabolized, and 1the insol-
uble materialis adsorbedonto the media
surface (Wilkinson et al., 1978) The
biotogical components are bacteria.
fungs, and protozoa. The bottom portions
of 1he filter contain nitrogen fixing
bacteria. Trickling filiers are classilied
aslow(standard). intermediate, high, or
super rate filters based on hydraulic and
organic loading rates. Since an aqueous
medium 1S necessary. only dilute dis-
solvable PCB 1somers may roadily be

contacted with the active microbes.
Neither of the above biolngical meth-
ods can be considered technicatly appli-
cable 10 gencral disposaFof PCBs and
PCB wems While trace guantitiés of
PCBs could be fed inmo a contmercial
scale procoss and whaule some degrada-
tion would cccur. destruction would not
be complete. and tha amounts fed would
b so small a3 net 1o aid aovreciably the

~

PCB thnpuse! problem Further research
1S wiarranted, but the resecarch maght
mast profitably be pursucd in the follow-
iy aie.s (1) more eftective treatimeng
of sewaqe and wastewater already con-
tarunate:d by PCBs, (2) ticat.nem of
PCB -contanunated dicdge spodd, and (3)
developing nucroorgaaisims efiective at
degradimg PCBs. Because destruction
elficiencies of current pirocesses de-
creace repidly withancreasing chilornine
substitution, 1t 1s doubtiul whether any
actvated sludge or trickhing e process
will be capable of destrucnon elic-
encies vquivalent to thouse ol tugh
ellicienty boders or Annex Lincinerators.
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- Extraction scheme fcr removal of PCEs from
rivar-bed zediment using mobile extractor

unit, with mineral oil as soivent.

Notes:

1. Undlsturbed sedimeant sarves as bottom of extractor.

2. OlFis pump2d to beticm of extractor through agitator shaft.

Extracetia

as Solvent.
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2 Schene for Removal of PC3s from
Sedirent Using Mobile Extraccor Unlt

Rivar-bed

with Mineral 0jil
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